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GaN 和 ZnO 越来越受到研究人员的重视。GaN 材料已经广泛应用于新型光电器
件领域。相比于 GaN 材料，ZnO 材料有着更高的激子束缚能（室温下 60meV）
和更加便宜的价格。这使得 ZnO 材料在紫外、深紫外发光与探测领域有着非常
广阔的应用前景。作为 ZnO基材料家族中的一员，MgZnO材料有着独特的优势，
可以通过调剂 Mg/Zn 组分来调节 MgZnO 材料的带隙，推动 ZnO 基材料在紫外
与深紫外应用的进一步发展。想要制备出高质量的 ZnO 基半导体器件，高质量









XRD 和 AFM 的表征，发现缓冲层 Zn 处理过后的样品，其表面形态和晶体质量
都有了明显的提高。而透射谱分析也证明了这一点。而在 MgO 缓冲层和外延
MgZnO 准三元合金之间插入一层 ZnO 缓冲层后，样品的晶体质量有所下降，表
面变得更加粗糙，并且没有产生类似于没有插入 ZnO 缓冲层时，Zn 处理和 O 处
理所带来的样品晶体质量和表面形态的差异现象。这能为薄缓冲层上生长高质量
的 MgZnO 合金提供重要的实验依据。另外，通过对样品进行 XRD 和 AFM 的表
征发现，缓冲层 Zn 处理过后的样品，其外延 MgZnO 准三元合金的 Mg 组分有
明显的提高，说明缓冲层 Zn 处理能在一定程度上增强的 Mg 原子的吸附能力。
而且当插入一层 ZnO 缓冲层后，这样的差异会扩大。这能使得 Zn 处理方法能够
































In recent years, GaN and ZnO, as the third generation semiconductor materials, 
are more and more noticed by researchers with the development of wide band gap 
semiconductor industry. GaN has been used in the field of new-type photoelectric 
devices. ZnO has larger exciton binding energy (60meV in room temperature) 
compared to GaN. So the application prospect of ZnO in the field of ultravoilet and 
deep ultravoilet are broad. As a member of ZnO-based materials, MgZnO material has 
a lot of unique advantages. The band gap of MgZnO material can be tuned by 
adjusting the Mg / Zn ratio. It promotes the development of ZnO-based materials 
further in the field of ultraviolet and deep ultraviolet. It is very important to grow 
high-quality ZnO-based materials for the fabrication of high-quality ZnO-based 
semiconductor devices. 
In this paper, MgZnO quasi-ternary alloys were grown by molecular beam 
epitaxy (MBE). The effects of different growth techniques on the crystal quality, 
surface morphology and optical properties of MgZnO quasi - ternary alloys were 
investigated by changing the treatment techniques, oxygen partial pressure and buffer 
layer in the process of growth. The surface morphology, crystal quality and optical 
properties of the samples were measured by X-ray diffraction (XRD), atomic force 
microscopy (AFM), transmission spectrum and photoluminescence (PL). By changing 
the oxygen partial pressure of the MgZnO layer during growth, we found that lower 
oxygen partial pressure can optimize the crystal quality and influence the surface 
morphology of the samples. We investigated the effects of different buffer layers on 
the epitaxial MgZnO alloy by annealing MgO buffer layer in zinc (Zn) or oxygen (O) 
atmosphere. The XRD and AFM showed that the surface morphology and crystal 
quality of the samples annealed in Zn atmosphere were obviously improved. The 
transmission spectrum also proved this point. When a layer of ZnO buffer layer is 
inserted between the MgO buffer layer and the epitaxial MgZnO quasi-ternary alloy, 















no obvious difference in the crystal quality and surface morphology between the 
samples caused by Zn treatment and O treatment. It can be an important experimental 
reference for the growth of high quality MgZnO alloys on thin buffer layers. In 
addition, the XRD and AFM showed that the Mg component of the epitaxial MgZnO 
quasi-ternary alloy was increased obviously in the samples whose buffer layer were 
annealed in Zn atmosphere, indicating that the Zn treatment of the buffer layer could 
have enhanced the adsorption of Mg atoms in a certain degree. And when a layer of 
ZnO buffer layer is added, such a difference will be more obviously. The Zn treatment 
method can adjust the Mg component of MgZnO quasi-ternary alloys. 
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行业得到了迅猛发展。自 1883 年首次发现的硫化银半导体，到现在以 GaN 为代
表的三五族半导体材料和以 ZnO 为代表的二六族半导体材料，半导体历经了三











的优点：宽禁带（3.3eV）、大激子束缚能（室温下 60meV）等。这使得 ZnO 材
料在紫外、深紫外发光二极管 LED、激光管 LD 与探测器等领域有着广阔的应用
前景[7-8]。MgZnO 是在 ZnO 材料基础上加入 Mg 组分合成的一种三元合金材料，
属于 ZnO 基半导体材料中的一种。MgZnO 能够通过改变材料中的 Zn/Mg 比，调
节材料的禁带宽度从 3.3eV 到 7.8eV，进一步推动 ZnO 基半导体材料在深紫外的





























调节到 4.8eV[22-23]。这些工作为以后设计独特的 ZnO 基半导体器件提供了坚实的
科学依据。 
1.2 ZnO 的晶体结构 
大多数 II–VI 族半导体都呈现出立方闪锌矿结构或者六方纤锌矿结构。在六
方纤锌矿结构中，每个阴离子都被 4 个阳离子包围并成键，形成一个四面体结构。
ZnO 为典型的 II–VI 族化合物半导体，其离子性居于共价化合物和离子化合物之
间。ZnO 材料可具有三种晶体结构：闪锌矿结构、纤锌矿结构和岩盐矿结构。在
一般环境下，ZnO 材料的热力学稳定相为纤锌矿结构，闪锌矿结构可以通过在同
样结构的衬底上生长出来，而岩盐矿结构则需要超高压条件。图 1.1 为 ZnO 的几
种晶体结构： 
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